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INTRODUCTION 
. Various . types . of phosphorus fertilizers are being commercially 
produced and used. Due to the different properties of these phosphate 
materials� their abi'Ii.ty to supply phosphorus may differ amo_ng South 
Dakota soil environments •. To provide data for phosphate users it is 
necessary to evaluate- the.se materials under varyi?g soil and climatic 
conditions. 
Soil reaction is cnmmonly used to differentiate conditions within 
the soil that are important to phosphorus utilization or fixation. 
Generally, where fixati·on. is h_igh the possibility of utilization of 
the added phosphorus is low. Acid soils are considered as havi_ng a 
h_igh phosphorus fixi_ng capacity. Alkaline soils are medium while 
neutral soils are consi·de-red low in theil? fixi_ng capacity. 
Solubili·ty, chemical forms, physical state, pH of the saturated 
solution, and other properties may vary amo_ng and possibly within 
materials used. It is- these differences that cause fertilizers to 
give different responses.. These responses may be small· thus yield of 
grain or for_age may be increased by only a small amount. Economically 
this may be s_ignificant to. an individual farmer or farmers in certain 
areas. When differences. due to sources are found, it is desirable to 
know why these differences exist so sound advice on phosphorus 
fertilizer carriers can be given to farmers. 
The availability of phosphorus to plants has been correlated with 
various methods of phosphorus extraction. Since these extraction 
methods do cast l_ight on the supplemental phosphorus needs of plants 
grow�ng on the soil, they may then be used to evaluate di£ferer.t 
sources of supplemental phosphorus. 
The purpose of this study was to compare, in southwestern South 
Dakota soils, several phosphate carriers. Comparisons were made in 
differences in yield of wheat_ grain, concentration of phosphorus in 
leaves, and in the effects on va�ious methods used for de�erniini?g 
the supplemental phosphorus needs 0£ the plants_ growi?g on the soil. 
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REVIEW OF LITERATURE 
Field . Evaluation of Phosphorus Carriers 
Various phosphorus-containi_ng materials have been invest_iga·ted 
£or their efficiency of supplement�ng phosphorus needs of various crops 
under alkaline soil conditions. The water-soluble phosphorus content 
of these different materials was the main disti_nguishi_ng cha:racteristic. 
In general it has been shown on calcareous soils that efficiency of 
phosphate car•riers increases with increasi:ng content of watex•-soluble 
phosphorus. 
Bennet et al. (4) worki_ng with a calcareous soil havi_ng a pH value 
of 8. 3. reported that only materials with a h_igh percent_age of. water­
soluble phosphorus were very ef£ecti ve for increasi_ng_ ·yields. They 
ranked rnonocalciurn phosphate, dicalciurn phosphate and tricalciurn 
phosphate in order of decreasi_ng effectiveness on calcareous soil. 
Chin et al. (12) worki_ng in Minnesota, compared rnonocalciurn 
phosphate and dicalciurn phosphate on soils with pH values of 7.6 and 
8. O. They found s_ignificant differences in yield of wheat but not 
alfalfa. A greater phosphorus uptake by alfalfa was found when 
monocalci urn phosphorus was the source. No s_ignificant difference was 
found in uptake of phosphorus by wheat between the two sources. 
Speer et al. (35) of Texas reported that on Houston black clay 
phosphate fertilizers that were relatively water-soluble such as super­
phosphate, double superphosphate, and phosphoric acid were readily 
utilized by the plants. Dicalcium and tricalcium phosphates were 
lowest in their utilization by plants. 
Olsen and Gardner' s (24) work on calcareous soils, comparing 
several sources of phosphorus on sugar beets, wheat, and barley sub­
stantiated these findings. They found that the source with t]le higher 
water solubility such as superphosphate, furnished the most phosphorus 
to plants while alpha tricalcium phosphate furnished the least. The 
efficiency of calcium metaphosphate and dicalcium phosphate was 
intermediate. Superphosphate and calcium metaphosphate increased 
yields of wheat and sugar beets while the other sources did not. 
Evidence reported by other investigators (3, 7, 16, 20, 25, 36) 
supports the generalization that the phosphate carriers containing a 
high degree of water-soluble phosphor1us are more effectlve on a_lkaline 
soils. 
Evidence has also been reported that does not impart support the 
increase in efficiency of phosphorus carriers- with a high content of 
water-soluble phosphorus. 
Investigations by Owens ·et·a1. (26) showed that the phosphorus --
concentration of the plant was increased with a high water-soluble 
phosphorus source, but no difference in yield was found. 
Rogers (31) in 1951 surveyed the research done on nitraphosphates 
(nitric phosphates) with low water-soluble phosphorus and found except 
for wheat they were as effective as 9oncentrated superphosphate on 
small grain. Altho_ugh he did report that nitraphosphate may be some­
what less effective on alkaline soils than the more soluble phosphate. 
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Thorne et al. -(41) summarized ·the work done on phosphorus sources 
which included nitric phosphates. From a survey of 130 experiments 
conducted in 11.states, they concluded that the phosphate in most 
nitric phosphate fertilizers .studied was as effective for cotton, 
smal� grains, and corn as that found in concentrated superphosphate. 
It was found that in order to be as effective for �egetables, the 
nitric phosphate fertilizers sho�ld contain a third or more water-
soluble phosphorus. 
Fuller et·a1. (14) worki:ng with cotton on a calcareous soil found 
that nitric phosphates were as efficient in supplyi_ng phosphorus to the 
plant as phosphoric acid if applied earlier in the season. 
With the �dvent of phosphorus materials containi_ng different forms 
of phosphorus such as pyrophosphate and metaphosphate, a new character­
istic had to be tested for efficiency. The normal comparison was with 
orthophosphate materials. Sutton and Larsen ( 39) found where the 
biol_ogical activity was not restricted, pyrophosphate did not persist 
lo_ng eno_ugh for differences to exist between the two forms. They also 
found using a soil of pH 7. 2 that an initial uptake of phosphorus was 
less with pyrophosphate, but with time the difference decreased. 
Judy et al. ( 17) usi_ng pea beans_ grown on an alkali11e lake bed 
soil, found that ammonium polyphqsphate_ gave h_igher yields than did 
monoammonium phosphate. Work by Nelson and Terman (22) showed that 
solid ammonium polyphosphate_ gave h_igher yields of corn forage and 
ha� greater uptake than concentrated superphosphate and diammonium 
phosphate. The soil used was a limed, fine-sandy loam. 
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Lathwell et al. (18) summarized work that was done in Alabama, 
Ge�rgia, Mississippi, New York, and North Carolina. They found 
orthophosphate and polyphosphate solids were equal in value. This 
work was done mainly on acid soils. 
Effect of Added Phosphorus on Availability Indices 
Various methods for determini_ng the phosphorus needs of plants 
have been used. Dependence of soil characteristics, method used and 
interpretation of results on how well these various me·thods predict 
plant need has been shown by the works of many researchers (8, 9, 15, 
23, 33, 34, 38, 40, 42, 43). Work has also been done to characterize 
forms of soil phosphorus measured by the different methods (9, 11, 27, 
30, 32, 38, 43). 
Research in determini_ng what cha:1ge in available phosphorus 
occurred usi_ng different phosphorus materials has not been as extensive. 
Smith et al. (34) used an acid-fluoride extraction procedure to evaluate 
the cha:1ge in the available phosphorus level when rock phosphate was 
added to calcareous soil. They found the procedure useful in 
evaluati_ng the available phosphorus status of the soil before and after 
treatment with rock phosphate. They also found that varyi_ng concen­
trations of phosphorus were extracted from different phosphorus 
materials when extracted directly with various extractants. Al-Abbas 
and Barber (l) found that rock phosphate may cause different methods 
of measuri_ng phosphorus availability to have h_igh results. 
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METHODS AND MATERIALS 
Field Studies 
Phosphorus fertilizer carriers were evaluated in field experiments 
usi_ng winter wheat as a test crop. These experiments were conducted on 
private far"rns located in the major winter wheat produci_ng area of south­
western South Dakota (see Figure 1). Yield of grain and phosphorus 
concentration in the top three leaves were used to analyze differences 
amo_ng treatments. 
Soils 
The classification and des.cription of soils used for field 
experiments are given in Table 1. 
Phosphorus Soil Tests 
Bray and Kurtz No. 1 soluble, sodium bicarbonate soluble, and 
water-soluble phosphorus tests were used to characterize the phosphorus 
availability at each site. 
Bray and Kurtz No. l method (19) - One and one-half grams of soil 
were shaken for two minutes with 10 ml. of extracting solution. Color 
was developed using ammonium molybdate and a reducing agent which con­
sisted of a mixture of l-amino-2-napthol-4-sulfonic acid, sodium 
sulfite, and sodium pyrosulfite. Phosphorus was determined by measuring 
the intensity of the blue color in a Coleman Junior Model 6A 
spectrophotometer se·t at 655 mu. 
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a, 
Table 1. Classification and description of soils used in the phosphorus source experiments in 
southwestern South Dakota. 
1. Savo clay loam - Wilbur Bachand cooperator, Meade County. 7th Approximation Classification: 
Ardic Argiustoll, fine, mixed, mesic. It is a well drained soil forming on a gently sloping 
terrace· _in silty sedim=nts. It is nearly level to gently sloping and has moderate permeabil­
ity. The mean annual temperature ranges from 45° to 48° F and mean annual precipitation from 
13 to 18 inches. 
2. Ree silt loam - Don Carstensin cooperator, Pennington County. 7th Approximation Classif­
ication: Typic Argiustoll, fine-loamy, mixed, mesic. A well drained terrace soil which 
is forming in loamy alluvium of mixed origin. It is of moderate permeability fou..�d on 
nearly a level landscape, The mean annual temperature ranges from 45° to 50 ° F. The mean 
annual precipi tat-ion ra:11ges from 15 to 21 inches. 
3. Keith silt loam - Lorn McMillian cooperator, Bennett County. 7th Approximation Classification: 
Ardic Argiustoll, fine-silty, mixed, mesic. Wind blown material consisting chiefly of loess 
is the ·parent material for this well drained soil. It is nearly level wi"th moderate internal 
drainage. The annual precipitation is about 14 to 18 inches with mean annual air temperatures 
ranging from 46° to 48° F. 
4. Boyd clay - Lee Eddie cooperator, Tripp County. 7th Approximation Classification: Vertie 
Haplustoll, fine, montmorillonitic, mesic. A well drained soil forming on a moderately 
sloping landscape in clay residuum from clay shales. The soil is slow to very slow in 
perme.abili ty. The mean annual precipitation is about 18 to 24 inches with mean air tempera­
tures about 48° to 50° F. 
5. Opal clay - Gene Halverson cooperator, Lyman County. 7th Approximation Classification: 
Vertie Haplustoll, mixed, mesic. This soil is found to be nearly level to undulating and 
forming from sediments of weathered clay shales. Permeability is very slow except. after 
perio.ds of drought, when the initial intake is. rapid due to cracks. It is a well drained 
soil. Mean annual air temperature is between 45° and 55° F and precipitation ranges from 
about 14 to 18 inches. · 
tO 
Sodium bicarbonate method. ( 411-) - Five grams of soil plus 100 ml. of 
O. SM sodium bicarbonate. solution. bu££ered at pH 8. 5 were shaken for 30 
minutes. Color was develoP.ed on a 5 ml. portion of the filtrate that 
was adjusted to a pH of S: •. s... The color developing reagent consisted of 
ammonium molybdate, ascorbi'c acid,. sulfuric acid, and antimony potassium 
tartrate (21). The blue color formed by the molybdate phosphorus 
complex was measured on a.Coleman.Junior Model 6A spectrophotometer. 
The wave length was 660. 
Water-soluble method· (44) Five grams of soil plus 50 ml. of water 
were shaken for five minutes •. Color was developed on an aliquot of the 
filtrate. Color was developed wLth a solution of ammonium molybdate, 
ascorbic acid, sulfuric- acid,. and antimony potassium tartra·te ( 21). 
The blue color formed was measured on a Coleman Junior Model 6A s_pectro­
photometer. The wave length.was set at 660 mu. 
Routine and Special Soil Tests 
Organic matter - Readily oxidizable organic matter was measured 
colorimetrically by the chromic acid method. 
Nitrate-nitrogen - Water-soluble nitrate-nitrogen was measured 
colorirnetrically by the phenol.disulfonic procedure. 
Exchangeable potassium - Exchangeable potassium was extracted with 1N 
ammonium acetate and determined with a flame photometer. 
pH - A soil to water ratio o:f' L:l was used to measure soil pH. 
Zinc, calcium and magnesium -· They were extracted with .lN HCl and 
determined with an atomic absorption spectrophotometer. 
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Soil tests other than phosphorus tests were conducted by South 
Dakota State University Soil Testing Laboratory. 
Treatments and Des_ign 
Sixteen treatments were laid out in a randomized block des_ign and 
were replicated 4 times at each site. The same des_ign and treatments 
were used at all sites. The treatments were as follows: 
Treatment Phosphorus Source Grade N + P2o 5 + K2o No. Pounds per acre 
l Nitric Phosphate (20-20-0) 46 + 46 + 0 
2 Nitric Phosphate (20-20-0) 32  + 32 + 0 
3 Nitric Phosphate (20-20-0) 3 2  + 16 + 0 
4 Ammonium Polyphosphate (15-61-0) 46 + 46 + 0 
5 Ammonium Polyphosphate (15-61-0) 32 + 32 + 0 
6 Ammonium Polyphosphate (15-61-0) 32 + 16 + 0 
7 Treble Superphosphate ( 0-46-0) 46 + 46 + 0 
8 Treble Superphosphate ( 0-46-0) 32 + 32 + 0 
9 Treble Superphosphate ( 0-46-0) 32 + 16 + 0 
10 Diamrnonium Phosphate (18-46-0) 46 + 46 + 0 
11 Diammonium Phosphate (18-46-0) 32 + 32 + 0 
12 Diamrnonium Phosphate (18-46-0) 3 2  .+ 16 + 0 
13 Nitric Phosphate (26-13-0) 32 + 16 + 0 
14 None 46 + 0 + 0 
15 None 32  + 0 + 0 
16 None 0 + 0 + 0 
Nitrogen applied, other than the nitrogen within the phosphorus 
fertilizer, was ammonium nitrate. All materials applied were manufac-
tured for commercial use. 
11 
Methods of Planting and Harvesting 
Lancer winter wheat was planted on September 9, 10, or 11, 1968. 
Seeding rate was 45 pounds per acre. All fertilizer was applied with 
the seed. The seed was planted with a four foot wide, deep furrow 
press drill. Spike tooth seed openers were spaced 1 foot apart. These 
openers were not designed to spread seed or fertilizer. Dimensions of 
individual plots were 40 feet long and 4 feet wide. The center 2 feet 
by 34 feet was harvested from the center two rows. Harvesting was done 
with a combine. The harvested grain was cleaned and weighed. Test 
weight was taken on the clean grain. 
Analysis of Grain and Leaves 
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A composite sample of the four replicates was used for the protein 
analysis of the wheat grain. Nitrogen was determined using the Kjeldahl 
method (2) and the resulting value multiplied by 5. 7 to give protein 
content. 
Plant samples for phosphorus determination were taken at heading 
time. At each site a representative sample was obtained £or each treat­
ment in each replicate. Method of sampling was randomly select 10 
subsamples which were combined to form one composite sample. The 
samples were taken from the outside two rows of the four row treatments. 
The composite sample was dried at 90
°-120°F in a walk-in drier. The 
top three 1.eaves were picked and_ ground in a Wiley mil
l equipped with 
a 40 mesh stainless steel screen. 
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Phosphorus was determined on plant leaves by the method of Blanchard 
(5) . Samples were dried for one hour at 140°F in a forced air oven 
before bei_ng �ig.ested with a 15:5:1 mixture of sulfuric, nitric, and 
perchloric acids respectively. Four mls. of the acid mixture was used 
in the d_igestion. Phosphorus concentration was determined by the 
vanadomolybdophosphoric-yellow method. The intensity of yellow color 
was determined with a Coleman Junior model 6A spectrophotometer set at 
440 mu. 
Statistical Analysis 
The means of both yields and phosphorus contents were compared 
usi_ng Dunnett's test for comparisons at each site ( 37). Treatments 
( numbered 13, 14, 15, and 16) consisti_ng of check, two ni tr_ogen treat­
ments without phosphorus, and the nitric phosphate (26-13-0) were 
deleted to form a factorial arrangement. Single �egree of freedom 
analysi� was used on the remaining means of both yields and phosphorus 
content for comparison (37). 
Laboratory Study 
A laboratory experiment was conducted to measure the effect of 
phosphorus carriers on three availability indices at three different 
soil pH's. The availability was measured at O, 25, and 100 ppm 
phosphorus levels of applied phosphorus incubated O, 2, 4, 8, 16, 32, 
and 64 days. 
256705 
The phosphorus was mixed with the soil . 
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Soil 
Pierre Clay - Haakon County. Seventh approximation classification 
is Vertie Camborthids, mixed, mesic. This soil is a well-drained soil 
developi_ng in clay residuum moderately deep over shale. It occurs in 
a gently sloping landscape. The mean annual air temperature is 45° to 
53° F, and precipitation ranges from about 12 to 16 inches. 
Soil Preparation 
The soil was sampled to include the upper 18 inches of the solum. 
It was dried and crushed to pass through 1/4 inch wire netting before 
amendments were applied to change the pH. 
The soil was divided into three 5 5 kg s_egrnents. S_egment I was 
treated with calcium oxide and �agnesium oxide in a 7:4 ratio. Total 
amount added was 46 equivalents. It was applied dry and mixed with the 
soil by stirring with a spade. Segment II was treated with O.JN 
sulfuric acid until a total of 22. equivalents of sulfuric acid were 
applied. No amendments were applied to s_egment III. 
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The soil was placed four inches deep on greenhouse benches during 
the time of equilibration. The benches were covered with plastic and 
with a plastic barrier between soil s_egments. Altern?-te wetting and 
drying with crushing and mixing after each dryi?g period was used to 
establish equilibrium between the soil and the added amendments. The 
equilibration time was four months with eight cycles of wetting and 
drying. A sample from each s_egment of soil was then crushed to pass 
thro_ugh- a 2 mm screen. These amended soils were used for the laboratory 
·study. 
Treatments 
Nitric phosphate (20-20 -0), ammonium p�lyphosphate (15-60-0), and 
treble superphosphate (0-46-0) were the three carriers used in the 
laboratory study. These commercially produced materials were sized to 
pass an 0.8 screen and to be held on a 0. 5 mm screen. 
Treatments consisted of: 
Soil 
pH 
8. 0 
8. 0 
8. 0 
7. 5 
7. 5 
7.5 
6.0 
6.0 
6. 0 
Phosphorus Fertilizer Source 
Nitric phosphate 
Ammonium polyphosphate 
T�ble s uperphosphate 
_Nitric phosphate 
Ammonium polyphosphate 
Treble superphosphate 
Nitric phosphate 
Ammonium polyphosphate 
Treble s uperphosphate 
Increased Phosphorus 
Level 
ppm P added 
o, 25, 100 
o, 2 5, 100 
o, 25, 100 
o, 25, 100 
o, 25, 100 
o, 25, 100 
o, 25, 100 
o, 25, 100 
o, 25, 100 
Phosphorus levels were prepared by applyi?g phosphorus from 
different phosphorus carriers to 600. grams of soil. The . soil and 
fertilizer were mixed in a twin shell V blender for one hour. Seven 
racks of six filter tubes were prepared by placi?g_ glass wool at the 
bottom of the tube. Forty_ gram s_egments of soil and fertilizer were 
placed in duplicate in each of the seven racks. Each rack contained 
duplicates of levels O, 25, and 100 ppm phosphorus added. Twenty. grams 
of water were added to each 40 _ grams. One rack was immediately placed 
in an oven and dried. The tops of the remaini?g filter tubes were 
covered with Saran Wrap and secured with rubber bands. At 2, 4, 8, 16, 
32, or 64 days the Saran Wrap was removed from one of the remaini?g 
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racks and the soil dried at 40° to 49°C in a forced air oven. Drying 
time was three days in the filter tubes and one day on evaporating 
dishes after the soil was removed from the filter tubes and crushed. 
Chemical Analysis 
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Three availability indexes were used to evaluate the phosphorus 
status of the soils after treatment. See pages 7 and 10 for a descript­
ion of the procedure . 
S tatistical Analysis 
A factorial arrangement of time, source, levels of applied 
phosphorus pH, and availability tests was compared in the analysis of 
variance. The variable in the analysis was that of ppm phosphorus. 
Mean values of the duplicate samples were used in the statistical 
analysis. Comparison of different means was by single degree freedom 
analysis ( 37). 
RESULTS AND _DISCUSSION 
Field Studies 
Four phosphorus fertilizer carriers we1-ie compared in five field 
experiments. The experiments consisted of measuring the various 
responses given by nitric phosphate, ammonium polyphosphate,· treble 
superphosphate, and diammonium phosphate. Using winter wheat as a test 
crop, the experiments were conducted in the major wheat producing area 
of southwestern South Dakota during the 1968-1969 growi_ng season. The 
measurements to determine difference in response were_ grain yield and 
phosphorus concentration of the upper three leaves at heading time. 
Field study results and discussions are divided into Grain Yield 
and Phosphorus Concentration of Plants for Each Experimental Site, 
Grain Yield and Phosphorus Concentration of Plants for Combined Ex­
periments and Summary of Field Experiments. 
Grain yield and phosphorus concentration results are summarized in 
Tables 5 thro_ugh 8. Table 2 and 3 summarize the results of tests 
pe1"\formed on the soils located at each site. An individual site is 
referenced by number, soil, and county. The numbered reference appears 
throughout the section dealing with results and discussion beginning 
with Table 1, page 9. Interpretation of several soil test results is 
given in Table 4. 
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Table 2. Routine soil test results of the soils' ·profile for each experimental site. 
Soil Depth pH Soluble Exchangeable Soluble 
and in Organic 1:1 Phosphorus Pot.assium salts 
Location Inches Matter soil:water lbs. P/A lbs. K/A mmho/cm 
1. Savo 0- 6 2. 4 6. 5 39 621 • 80 
clay 6-12 1. 5 7. 3 6 433 • 70 
loam 12-24 1. 2 8. 0 4 251 .55 
Meade Co. 24-36 . 9 8.3 2 196 .50 
36-48 • 8 8. 3 l 209 . 78 
2. Ree 0- 6 1. 6 7. 0 37 540 . 49 
silt 6-12 1. 6 -- 7. 3 11 550 .58 
loam 12-24 1. 0 7. 8 7 400 .43 
Penni?gton Co. 24-36 .8 8. 2 ·7 304 • 34 
36-48 . 4 8. 3 6 294 . 35 
3. Keith 0- 6 2. 2 7. 0 36 682+  1. 20 
silt 6-12 1. 4 7. 1 14 682+ . 86 
loam 12-24 1. 3 7. 6 10 682+ . 95 
Bennett Co. 24-36 • 8 8. 1 6 682+ .§0 
36-48 .6 8.1 6 682+ .72 
4. Boyd 0- 6 3.5 7.6 17 682+ . 69 
clay 6-12 2. 7 7. 6 3 484 . 60 
Tripp Co. 12-24 2�0 s.1. 2 410 . 62 
24-36 1. 8 8. 1 2 375 • 72 
36-48 1.6 7.7 2 334 2. 90 
5. Opal 0- 6 2. 2 7. 9 15 682+ . 65 
clay 6-12 1. 9 8. 0 8 608 . 90 
Lyman Co. 12-24 1. 5 7. 7 8 584 3.10 
24-36 • 9 7. 7 7 520 4.00 
36-48 . 6  7. 8 7 520 3.90 
Table 3 .  Additional s oil test results o f  the s oils r profile for each experimental site . 
Soil Depth 
and in 
Location Inches 
l .  Savo 0- 6 
clay 6-12 
loam 12-24 
Meade Co . 24-36 
36-48 
2 .  Ree 0- 6 
silt 6-12 
loam 12-24 
Penni?gton Co .• 24-36 
36-48  
3. Keith 0- 6 
silt 6-12 
loam 12-24 
Bennett Co . 24-36 
36-48 
4. Boyd 0- 6 
clay 6-12 
Tripp Co . 12-24 
24-36 
36-48 
5 .  Opal 0- 6 
clay 6-12 
Lyman Co. 12-24 
24-36 
36-4 8 
Nitrate . rn HCl 
Nitrogen Zn 
PP!Il NO�� _ppm 
10. 6 4. 8 
4. 0 3. 8 
3. 7 2. 5 
. 6  2. 5 
1. 2 3. 6 
3. 8 4. 4 
1. 6 4. 2 
1. 4 5. 0 
. 8  3. 8 
1. 0 4. 0 
10� 1  3. 6 
9. 4 3. 1 
6. 8 3. 0 
2. 4 2. 6 
1. 9 1. 9 
13. 4 6. 8 
3. 4 1. 6 
2. 6 • 8 
2. 4 . 9  
1. 3 • 8 
10. 0 6. 8 
2. 2 5. 2 
2. 0 3. 6 
1. 3 6. 4 
5. 7 15. 0 
. lN HCl . lN HCl 
Ca Mg 
meq[lO_Og meq/lOOg 
12 3 
24 7 
146 21 
164 26 
126 23 
16 5 
29 8 
94 17 
16 8 27 
106 26 
14 4 
15 7 
73  13  
155 21 
130 20 
93 6 
230 6 
230 8 
238 10 
275 9 
109 12 
13 7 13 
179 14 
184 13 
16 8 13 
H
2
0 
s ol .  P 
lb s . /  A 
3. 8 
. 6  
.4  
. 4  
. 4  
2. 4 
. 9  
. 4  
. 5 
• 7 
I 
1. 8 
1. 0  
1. 0 
1. 0 
1. 0 
1. 4 
. 6  
. 5 
. 6  
. 1  
- 2.4 
1. 6 
. 4  
. 2  
. 6  
\ 
i-- FCO ,.'U.1 1 ,  
3 
s ol .  F 
lbs . /  A 
27. 2 
6. 6 
5 . 2  
L� • 4 
6. 2 
18.4  
9 .5  
3. 8 
3.2 
4. 4 
23. 6 
10. 5 
9. 1 
9. 4 
6. 1 
28. 1 
8. 4 
6. 0 
6. 3 
7. 0 
15. 6 
5. 6 
6 .·1 
6. 0 
6 . 8 
Table 4. Interpretation of tests characterizi?g soils used in field 
study experiments. 
Soil Test 
O_rganic Matter 
Sol. Phosphorus 
Exch. Potassium 
Nitrate Nitrogen 
• lN HCl Zinc=t= 
1 
h_igh 
me d. high 
high 
me.di um 
low 
Soil Number 
2 
low 
med. high 
high· 
very low 
low 
3 
h_igh 
me d. high 
high. 
me.diurn 
low 
4 
h_igh 
medium 
high 
me.dium 
low 
5 
h_igh 
low 
high 
tow 
low 
* Interpretation based on corn and sorghum recommendations. A zinc 
response has not been found by small grain trials in South Dakota. 
(personal communication, Ray Ward, South Dakota State University) 
Analysis of variance tables of the_ grain yield and phosphorus 
concentration for the combined experiments are_ given in APPENDI X I and 
II. The effects of treatments on test we_ight and per cent prote in in 
the grain are given in APPENDI X III  and IV. 
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Grain Yield and Phosphorus Concentration of Plants for Each Experimental 
Site 
Site 1. S avo clay loam - Meade colfilty. Table 5, shows that in­
cre ases in yield above the control were caused by nit�ogen alone or 
nitl'?gen and phosphorus t�ge ther. The_ greatest yield increase of 6. 6 
bushels was_ given by treatment 4 when compared to the control. Series 
of treatments containi?g phosphorus source other than ammonium poly­
phosphate did not show a h_ighly s_ignificant increase in yield for all 
levels of applied phosphorus. Treatments 8 and 11, consisti?g of 32 
pounds of nitr_ogen and 32 pounds of phosphorus and P20 5 were lower 
than _ control. The explanation was that a possible interaction exists 
at these levels for these sources. 
Table 5 .  Mean grain yields for each experimental site . (Average of four replications. ) 
1 .  2 .  
Experimental Sites 
3 . Keith 4 .  Boyd 5 .  Opal 
Tre atment 
No . =F 
Savo 
clay loam 
Meade Co . 
Ree 
silt loam silt loam 
Pennington Co. Bennett Co. 
clay 
Trip_£ Co. 
clay 
Liman Co. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 -
•'• 
37 . 3;9: 
36 . 8•': 
37 . 4.':.': 
42 . QM: 
39.  1,H: 
39 .  9 ,'d: 
41 . 3.• •• •: 
34 . O•'' 
35 .  2 •'• 
37 .  7 ,H: 
34 . O•'• 
35 . 2  
36. 0 
38 .  4�•: �': 
36 . 4  
35 . 4  
Bushels £er acre 
3 7. 7.-g.---- 24 .  6 
32 . 2** 2 5 � 0  
32 .  11:.': 
39 .  l;'d: 
2 8 . 9 .':·.': 
31 . 4.':.': 
36 . 1 ;':;': 
31. 2 ,H: 
31 . a,•: .': 
36 . 6 •'d: 
31 . 2 •':;': 
31.  a;'n': 
31.  Q ,':.': 
35 .  2 ;'d: 
33 . 7,h': 
22 , 6  
24 . 4 
28.  g ;'n': 
37 . 6  
27 . 1* 
27 . 1•'• 
25 . 5  
25 . 1 
27 . 8•'n� 
25 . 5 
25 . 1 
25 . 5  
22 . 1  
22 . 4  
22 . 8  
Treatment number code is listed on page 11 . 
3-6 . 11. 
35 . 0 
34 . 8  
37 . 5 M: 
36 . 9;': 
35 .  4 
37 . 8,H: 
35 . 7  
36 . 2 
36 . 6 •'• 
35 . 4 
36 . 2 •'' 
35 . 4  
37 . 6 �':�': 
37 . 3,h': 
31 . 8  
26 . 7  
2 5 . 4  
24. 3 
28. 8 
28 .  6 
27 . 8 
2 8  . o  
26 . 3 
2 4. 1  
27 . 8  
26. 3 
24 . 1 
27 . 8  
24 . 4 
26 . 8  
24 . 9  
** Treatments marked * and ** are different than treatment 16 ( control ) when compared 
usi?g Dunnett ' s  2 sided  test at the . 05  and . 01 level respectively . 
l'v 
I-' 
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The phosphorus concentration (Table 6 )  i n  the uppe r thre e  le aves 
of the plant was lowe r for nine treatments containi?g phospho rus when 
compare d to treatment 16 (control) . Le af sample s  from treatments 4 5 , , 
9 and 10 we re lowe r in phosphorus than control but not significantly 
diffe rent. The effect of nit�ogen alone did not decrease the phosphorus 
concentration in the plant leaves. Plants receivi?g s uppiemental 
phosphorus from nitric phosphate were all lower than control � 
Site 2. Ree silt loam - Penni?gton County. The only maj or 
response was to nitr?gen. Treatments 14 and 15 consisti?g of 46 pounds 
nitr?gen an d 32 pounds nit�ogen _ gave yie ld increase s  of 12. 6 and 11. 1  
bushe ls re spe ctive ly when compared to control. All tre atments have a 
h_igh ly s_ignificant increase in yie ld when compared to the control. The 
increase in yield of treatments 1, 4, 7, and 10 o ve r contro l may have 
in part been cause d by a response to phosphorus. The_ greatest yield 
incre ase of 16. 5  bushe ls was given by treatment 4 when compared to the 
control. 
Eleven treatments lowe red the phosphorus concentration in the 
leaves when compare d  control. Phosphorus and/or nit�ogen containi?g 
treatments lowe red the phosphorus concentration . Treatment numbe r 4 
containi?g  phosphorus from a polyphosphate carrier was the only treat­
ment equal to or better than the phosphorus concentration of the
 control. 
Site 3. Keith silt loam - Bennett County. No diffe rences
 in 
yields of treatments 14, 15, and 16 were found. It w
as there fore 
assurne d  that any increase in yield was due to ph
osphorus . Treatment 4 
· · · ld of 6 1 bushe ls when compa
red to the control. 
gave an incre ase in yie • 
Table 6. Mean _ phosphorus concentration in upper three leaves for each experimental site. 
(Average of four _re2lications) 
Treatment 
No . +  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
l .  Savo 
clay loam 
Meade Co. 
. 15 3�H. 
• 15 6 �':;': 
. 149 ,H: 
. 17 8  
. 176 
. 16 6 �•:-.': 
. 162 .':,': 
. 16 6 •'; 
. 16 8  
. 1 76 
. 16 4•'• 
. 16 6 •'• 
. 159-.'n': 
· . 191 
. 1 80 
. 187 
2 .  Ree 
silt loam 
Pennington Co. 
. 1 84�':�': 
. 20 8 
. 182 •h': 
• 2 15 
. 2 0 2  
. 1 89•'d: 
. 187 •'..'· 
• 184•':.': 
• l 76 •H� 
. 1 82•"-'· 
. 199 
. 1 82M• 
. 1 84•h': 
. 19 2 •': 
. 19 5 •'• 
. 2 14 
Experimental Sites 
3. Keith 4. 
silt loam 
Bennett Co. 
Per Cent Phos£horus 
. 1 8 7  
. 1 75 •'• 
. 19 1  
. 19 3  
. 19 8  
. 1 86 
. 215  
. 194 
. 1 8 7  
. 2 09 
. 18 1  
• 2 0 0 , 
. 1 84 
. 219 . 
. 2 02 
• 210 
Boyd 
clay 
Tripp Co. 
. 2 0 8  
. 22 4  
. 2 29 
. 22 3  
. 219 
• 2 19 
. 2 2 0  
. 2 12 
• 212 
. 22 5 
. 215 
. 22 3  
. 21 7  
. 212 
• 2 10 
. 219 
5 .  Opal 
clay 
Lyman Co. 
. 19 4  
. 191  
. 2 0 3 
. 19 5  
. 19 6  
. 199 
. 1 89 
. 19 8  
. 1 8 7  
. 1 86 
. 199 
. 2 0 0  
. 19 3 
. 204 
. 2 04 
. 2 11 
lreatment number code is listed on page II • 
,': . , .. ,. , _ __ Treatments marked ;" and ,H, are different than treatment 16 ( control ) when compared 
usi?g Dunnett ' s  2 sided test at the . 0 5  and . 01 level respectively. 
I\) 
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Phosphorus source used for this treatment was ammonium polyphosphate . 
The other treatment_ givi?g a h_ighly s_ignificant differe nce in yield was 
treatme nt 10 (diammonium phosphate source) . 
There was little measurable effect of treatment on the phosphorus 
concentration i n  the leaves. There may have been a tendency to lower 
the phosphorus concentration but it was not as evident as it was in 
sites 1 and 2 .  
Site 4 .  Boyd clay - Tripp County . Treatments 4 ,  14 , and 1� gave 
increases 0£ 5 .  8 bushels or better when compared to control. From 
these compariso ns it was assumed that nitI?gen response was the only 
respons� at this site . 
No differences were found in phospho�us concentration in  the plant 
leaves between individual treatments and the control . 
Site 5 .  Opal clay - Lyman County .  No statistical difference was 
found betwe�n i ndividual treatments and control £or either grain yield 
or percent phosphorus conce ntration in the leaves . 
Grai n Yield and Phosphorus Concentration For Combined Experiments 
The combi ned experiments consisted 0£ deleting treatments 13 � 14, 
. . 
15 , and 16 (p_age ll ) to form a factorial arra?gement of the first 12 
treatments .  
The means given  i n  Table 7 were the ave�ages of 60 observations 
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per mean . The yield ave�age shown for ammonium polyphosphate source 
tre atme nts was s_ignificantly h_igher when c'?mpared to the other three 
sources usi?g single �egree of freedom analysis . Yield from the nitric 
2 5  
phosphate source treatments was not s_ignificantly different when 
compare d to the yield of treatments containi?g phosphorus from treble 
superphosphate or diamrnonium phosphate usi�g the same mean comparison 
analysis . Statistical analysis also showed that treatments cont aini?g 
phosphorus from treble superphosphate were not different from treatments 
in which diamrnonium phosphate was the phosphorus source . 
Table 7. Grain yield 
experiments 
and phosphorus concentration 
listed by carrier 
of combined 
Phosphorus 
Carrier 
l .  Nitric Phosphate 
2. Ammonium Polyphosphate 
3 .  Treble Superphosphate 
4. Diammonium Phosphate 
Grain Yield 
Bushels/Acre 
31 . 3 
33 . 3 
32 . 0 
31 . 6  
Single Degree Analysis 
2 vs 1 ,  3 ,  and 4 
l vs 3 and 4 
3 vs 4 
Grain Yield 
F = 2 3 .  9l�b•: 
n. s. 
n. s . 
Phosphorus 
Content Per Cent 
. 189 
. 197 
. 190 
. 194 
Phosphorus Content 
F = 19 . 54�b� 
F = 5 .  3 81: 
F = 4 .  44�': 
S_ignificant at the . 05 and . 01 level respectively. 
Table 7 als� gives the comparisons of the ave�age phosphorus 
concentration in the plant leaves . The ave�age phosphorus concentra­
tion of nitric phosphate source treatments vers us treble superphosphate 
and diammonium phosphate source treatments was s_ignificant at the • 05 
level in a n�gative manner. This was also the case for treble 
superphosphate treatments versus diammonium phosphate treatments . 
Treatments containi?g ammonium polyphosphate as a source of phosphorus 
gave the highest average phosphorus concentration . They were also the 
treatments having the highest average yield. Nitric phosphate source 
treatments were the lowest in average yield and phosphorus concentra­
tion. 
The highest grain yield average was obtained with the highest 
application rate of both phosphorus and nitrogen ( Table 8) . This 
average was significantly better than average of lower rates . No 
difference was shown in phosphorus concentration in the leaves of 
plants grown using the different application rates, or in the yields 
of the lower application rates. The means in Table 8 were the 
averages of 80 observations •. 
Table 8. Grain yield and phosphorus concentration of leaves for 
combined experiments listed by levels applied. · · 
N + P205 + K20 
Level applied 
lbs/acre 
1 .  46 + 46 
2.  32  + 3 2  
3 . 32 + 16 
1 vs 2 and 3 
2 vs 3 
+ 
+ 
+ 
0 
0 
0 
Grain Yield 
bu/acre 
33. 9 
31 . 0  
31 . 3 
Single Degree Analysis 
Grain Yield 
F = 8 2 .  a�'d: 
n . s 
m: Significant at the . ol level. 
Phosphorus Concentration 
percent 
. 194 
. 193 
� 191 · 
Phosphorus Content 
n . s 
n. s 
Figure 2 shows the relationship of grain yield and source of 12 
treatments for each experimental site. Ammonium polyphosphate was
 
equal to or better than all other sources. 
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Figure 2. The relationship of grain yield means for different 
carriers among and within sites. 
The phosphorus concentration in the leaves found at each site 
showed very little difference within sites (Figure 3, page 28 ) .  There 
was more difference among the sites. This was possibly due to the 
climatic conditions and the slight difference in maturity of the 
grain when the plants were sampled. Grain at site 1 was more mature 
than the other four sites. 
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Figure 3 .  The relationship of phosphorus concentration in leaves of plants obt aining their · 
s upplement al phosphorus from various sources at diffe rent s ites . 
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Summary of Field Experiments 
Four phosphorus fertilizer carriers were compared in five locations 
us�ng winter wheat as the test crop. The effects of nitric phosphate, 
ammonium polyphosphate, treble superphosphate, and diammonium phosphate 
were measured by differences in_ grain yield and pho sphorus concentrat­
ion in leaves. Included in treatments were control, nitrogen ( 46 and 
32 lbs per acre) ,  and phosphorus-nitrogen treatments [ ( 46 + 46 + O) , 
( 32 + 32 + 0) , and ( 32 + 16 + 0) lbs per acre [. 
At only site 3 was it pos sible to assume the .increase in yield wad 
due to phosphorus. For site 3, armnonium polyphos phate and diammonium 
pho sphate source treatments were the only means having highly 
significant yield increas es. The frequency of s ignificant yield means 
for all sites showed ammonium polyphosphate > treble superphospha�e = 
diammonium phosphate > nitric phosphate for all sites . 
All s ignificant differences in phosphorus concent ration were lower 
than control. The treatment s  of nitrogen alone did no t  lower phosphorus 
concentration as much as the treatments including phosphorus. 
The armnonium polyphosphate ( for combined experiment) produced the 
h_ighest yields . No differences in yields were found among other sources . 
The phosphorus concentration found in plants was highes t  for ammonium 
polyphosphate and the least for nitric phosphate. 
This was in accord 
with the grain yield results found in the combined ex
periment s. The 
highest application of nitrogen and phosphorus wa
s significant ly higher 
in yield . No s ignificant differences were foun
d in phosphorus 
concentration or other mean yields of the r
emaining levels . 
Laboratory Study_ 
The original soil ( Pierre clay) was amended to form three soils 
with different pH values. The resulting soils had the following pH 
characteristics: pH 8. 0 £or the segment of original soil to _which 
calcium and magnesium oxide were added, pH 7. 5 for the s_egment to 
which no amendments were added and pH 6. 0 for the s_egment of original 
soil to which sulfuric acid was added. 
Results and discussion of the laboratory study was limited to the 
direct relationship of the phosphorus carriers. The results of other 
main effects (test, pH, level, time) were reported. Analysis of 
variance for the main effects and interactions is given in APPENDIX V. 
The data were reported in the form of means. The means were the 
averages of a varying number of observations. There was a total of 
567 observations. If three means were given they were the average of 
189 observations or 567 divided by three. 
Phosphorus Carrier 
The soils treated with treble superphosphate (TSP) , nitric 
phosphate (NP) , and ammonium polyphosphate ( APP) averaged 33, 27, and 
20 ppm available phosphorus, respectively. S ingle degree freedom 
analysis showed: 
TSP vs NP and APP 
NP vs APP 
**Comparisons were highly significant. 
F = 1094. 0** 
F = 440 . 4** 
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Carrier x Test 
Results of the interactions of carrier and test are given in 
Table 9 .  The results show that carriers differed with respect to the 
available phosphorus test. Treble superphosphate had the highest 
available phosphorus value for the three tests. The phosphorus 
solubility for NP was the same with sodium bicarbonate and Bray-Kurtz 
No . l test . Ammonium polyphosphate when compared to the other sources 
was low for the sodium bicarbonate test and very low for the Bray­
Kurtz test. The major cause of available phosphorus variation of the 
carriers was due to the difference i n  the sodium bicarbonate and 
Bray-Kurtz tests. 
Table 9. Available phosphorus means for different phosphorus tests 
a nd carriers . 
Test 
Water Soluble 
Sodium bicarbonate soluble 
Bray and Kurtz No. 1 soluble 
Carrier x pH 
NP 
2 
39 
39 
Phosphorus Source 
TSP 
ppm phosphorus 
4 
44 
50 
APP 
3 
34 
24 
Figure 4 shows that TSP decreased the available phosphorus i n  the 
pH 6 . 0  soil when compared to the other carriers . The reason for this 
decrease was not known. Treble superphosphate was superior in the 
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pH 7. S and 8. O soils. The difference betwe
.
en the two higher pH soils 
may be explai ned partially by the work of Cole et al . ( 13) on phosphate 
sorption by calcium carbonate. When a soluble-phosphate carrier was 
added to a calcareous soil it was postulated that the reactions con­
sisted of a rapid monolayer sorption on calcium carbonate surfaces , 
and the precipitation of dicalcium phosphate (or a compound of similar 
properties) especially at high phosphate concentrations such as in the 
vicinity of fertilizer particles. If the content of the more soluble 
phosphorus compounds (dicalcium phosphate) was dependent on high 
phosphorus concentration, TSP, being more soluble compared to NP, 
would possibly have had the highest phosphorus solution-concentration. 
Therefore, there is a greater formation of more soluble phosphorus 
compounds with TSP. Perkins (28) found that calcium and magnesium 
precipitated less phosphorus than calcium alone at any pH. Therefore, 
due to the added amendment to form the pH 8. 0 soil, it would have 
considerably more magnesium than the pH 7. 5 soil. T he seemingly 
greater efficiency of increasing the available phosphorus with the 
more water-soluble phosphorus carriers may, in part, be due to these 
two reasons. 
Nitric phosphate gave the highest results of the three carriers 
for the pH 6. 0 soil. It was pointed out by Rogers (31) in his review 
of NP that they seem ingly performed better on acid soils rather than 
alkaline soils. 
Ammonium polyphosphate was low for the pH 7. 5 so il and very  low 
for the pH 8. 0 soil.  It was found by Philen � ·a1. ( 29) that poly­
or tripoly-phosphates reacted more rapidly with calcium and m_agnesium 
carbonates than with other soil minerals. Orthophosphates reacted 
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more rapidly than eith�r pyro- or tripoly-phosphate , but in the 
presence of the condensed phosphates no solid orthophosphates were 
formed. They also found that reactions were affected considerably by 
pH. Generally, the rate of reaction decreased and the stability of 
the resultant solid reaction product increased with rise in the pH. 
Sutton and Larsen (39) found pyrophosphate breakdown was more rapid 
with increased biological activity and h_igher pH. The soils used by 
these invest_igators ranged from pH 5. 7 to 7. 2. Blanchard and Hossner 
(6) found that tripolyphosphate hydrolyzed within 4 days while pyro­
phosphate hydrolyzed only 10% in 16 days. Their work showed that the 
phosphorus adsorption capacity for pyrophosphate was greater than 
tripolyphosphate which was also shown to have a greater adsorption 
capacity than orthophosphate. This work was confirmed by Sutton and 
Larsen (39) .  Sutton and Larsen (39) also found i n  every case that the 
energy with which pyrophosphate was held was less than that which held 
orthophosphate. 
The reason for the low results of APP was thought to be a 
combination of : reaction rate or reaction products ; hydrolysis to 
orthophosphate ; and surface phenomena. The low phosphorus availability 
results of APP was not expected because of superior results of yield 
and phosphorus concentration for field studies when APP was used as 
phosphorus source. 
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Carrier x pH x Test 
Ammonium polyphosphate (pH 8. 0 soil) was very low in available 
phosphorus when measured by Bray-Kurtz method. Treble superphosphate 
was the highest and NP was the second highest when measured under the 
same conditions. Values for sodium bicarbonate available phosphorus 
were similar in distribution but not magnitude. Possibly there is a 
relationship existi?g between the carrier' s reaction with the soil and 
the methods used for determining availability. 
Coles ·et · a1. (13) work showed that the possibility of formation 
of more soluble phosphorus compounds would be greater under conditions 
of high phosphorus concentrations. Treble superphosphate being the 
more soluble orthophosphate would possibly give ·this condition, while ­
NP being of lower solubility may· not. Also it was pointed out in 
Philen' s et al. ( 29) work that no solid orthophosphates were formed in 
the presence of condensed phosphates. Comparisons between sodium 
bicarbonate and Bray-Kurtz test with different carriers in Table 10 
indicated Bray-Kurtz test evaluated more of the phosphate compounds in 
the soil than adsorbed phosphorus. It also indicates sodium bicarbon­
ate may have evaluated less of the precipitated phosphate compounds 
while evaluating th� adsorbed _ phosphorus. Work by Breland and Sierra 
(10) indicated that the Bray-Kurtz contained phosphorus from the more 
insoluble-soluble phosphorus as compared to that contained in sodium 
bicarbonate. 
The pH 7. 5  soil gave, in general, results that were closer for 
3 5  
tests and carrier. The wider differences found in the pH 8. 0 and pH 
6 . 0  soils would have to be attributed to the addition of calcium and 
magnesium or sulfuric acid. 
The pH 6 .  0 soil gave the h_ighest average available phosphorus 
values with NP as the phosphorus source, while ammonium polyphosphate 
was second and TSP third. 
Table 10. Available phosphorus means for the interaction of carrier , 
pH, and test. 
Pnospnorus Carr1.er 
pH Phosphorus Test NP TSP APP 
a . o Water Soluble 2 4 
Sodium Bicarbonate 38 55 25 
Bray and Kurtz No . 1 4 6  83 3 
7.5 Water Soluble 2 3 3 
Sodium Bicarbonate 21 29 24 
Bray and Kurtz No. l 20 25 22 
6. 0 Water Soluble 3 4 4 
Sodium Bicarbonate 58 49 53 
Bray and Kurtz No. 1 52 42 47 
Carrier x Level 
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The carrier x level interaction is shown in Figure 5. Nitric 
phosphate was more efficient in increasing the value of available 
phosphorus at the 100 ppm level than at the 25 ppm level. Nitric 
phosphate was more efficient than APP at both levels of added phosphorus 
in increasing the available phosphorus. Ammonium polyphosphate was 
almost linear in the response for O, 25, and 100 ppm added phosphorus 
shown by Figure 5 .  The efficiency of APP was about the same for the 
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25  and 100 ppm levels but below that of either NP or TSP. Treble 
superphosphate was the most efficient for increasing the available 
phosphorus at all levels. 
Carrier x Time 
Figure 6 shows that time was of minor importance when considering 
the overall availability of these phosphate materials. All sources 
decreased between the initial two_ periods of time. Treble super­
phosphate decreased during the third period of time and no values were 
obtained that were greater for the remaining periods of time. The 
results of TSP indicate that there was a greater decrease in 
availability with time when compared to the other two carriers. 
Nitric phosphate_ gave an increase in available phosphorus between the 
periods of 8 and 16 days. 
Phosphorus Test 
The average available phosphorus values for water-soluble, sodium 
bicarbonate soluble, and Bray-Kurtz soluble were 3, 3 9, and 38  ppm 
phosphorus respectively. Comparison of the sodium bicarbonate and 
Bray-Kurtz methods was highly significant with an F value of 22. 92 
using single degree freedom analysis. Water-soluble phosphorus was 
also highly significant when compared to sodium bicarbonate and Bray­
Kurtz soluble phosphorus. 
Levels of Phosphorus 
Phosphorus was applied to increase the soil ' s  concentration of 
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phosphorus by O, 25, and 100 ppm. The average values of available 
phosphorus were 13, 2 2 , and 45 ppm phosphorus for the increased 
phosphorus concentrat�ons of O, 25, and 100 ppm respectively. An 
increase of nine ppm pl:iosphorus was obtained with an increased con­
centration of 25 ppm phosphorus in soil. The lower level was more 
efficient in increasing available phosphorus although a near linear 
increase was obtained, Figure 5, page 37. 
pH 
The average available phosphorus concentration was 35, 29 and 16 
ppm phosphorus for the pH 6.0 , 8. 0, and 7. 5 soils respectively. The 
forms of phosphorus in both the pH 8 . 0 and 6. 0 soils were possibly 
changed upon addition of the amendments. The forms of phosphorus in 
the· pH 6. 0 soil segments were changed into forms more available if 
compared to the original soil of pH 7.5. The pH 8 . 0 soil was higher 
in average soluble phosphorus than the pH 7. 5 soil (natural soil). 
The addition of calcium and magnesium may have influenced -the reaction 
products to form more soluble phosphorus compounds. 
Time of Incubation 
Time of incubation was only significant for the first period. 
Table 11 gives the main effect of incubation time on the available 
phosphorus values. There was considerable interaction significance 
caused by the different main effects . not increasing or decreasing in 
the same manner for each period of time. 
Table 11. The main effect of incubation time on the avail_ability of 
the added phosphorus. 
Days of Incubation 
0 2 4 8 16 32  64 
28 26 
ppm phosphorus 
27 27  26 
S ingle degree · freedom analysis 
2 6 
0 vs 2, 4 ,  8 ,  16 , 3 2 ,  and 64 days F = 16. 35** 
all other comparisons · n. s. 
** significant at the . 01 level 
26 
41 
Summary of Laboratory Study 
Three soils were prepared to have, respectively, pH readings of 
8 . 0, 6. 0, and 7 . 5. Nitric phosphate (NP) , treble superphosphate (TSP), 
and ammonium polyphosphate (APP) were added to each soil in order to 
increase the phosphorus concentration by O, 25, and 100 ppm. Water was 
added and the soil incubated for periods of O, 2, 4 ;  8, 16, 32 and 64 
days. After each period the soil was dried and the available phosphorus 
was determined with water, sodium bicarbonate, and Bray and Kurtz No. 1. 
Treble superphosphate, NP, and APP averaged 33, 27, and 20 ppm 
available phosphorus, respectively. The maj or cause of available 
phosphorus variation of the carriers was due to the difference in 
the sodium bicarbonate and Bray-Kurtz tests. The test difference was 
mainly a result of a carrier x pH x test interaction . 
With the pH 8 . 0  soil the greatest variation in carriers was 
found. Treble superphosphate .was superior while APP was very 
inferior for increasi?g the concentration of available phosphorus 
in the pH 8 .0 soil . Previous research and data indicated this was 
due to differences in : reaction rate or reaction products ; hydrolysis 
to orthophosphate ; surface phenomena ; and what effect these 
differences would have on the phosphorus forms measured by the different 
tests. The pH 7.5 soil gave, in general, results that were closer for 
tests and carriers. Treble superphosphate gave the highest available 
phosphorus value with APP being second. Nitric phosphate, APP, and TSP 
was the order for increasing available phosphorus for the pH 6. 0 soil. 
42 
Treble superphosphate was more efficient for increas�ng the 
available phosphorus concentration at the lower level than at the 
higher level of applied phosphorus. Ammonium. polyphosphate was as 
efficient at both levels when NP was less efficient at the lower level 
of applied phosphorus. 
Time was of minor importance after the two day incubation period. 
The interaction of time and sourc� was highly significant indicating 
that the sources did not respond the same with time. 
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APPENDIX 
Appendix I • Analysis of Variance Tab le for Grain . Yield of Combined 
Field Experiments . 
Source of 
Variation 
Total 
Location (L) 
Reps/Location (R/L) + 
Analysis (A) 
LA 
RA/L+ 
Phosphorus Source (S) 
LS 
RS/L+ 
AS 
LAS 
Residual+ 
Degrees of Freedom 
2 39 
4 
15  
2 
8 
30 
3 
12 
4 5  
6 
24  
9 0  
Mean Squares 
1412 . 6 2 7�h ': 
2 6 . 5 4 5  
20 6 . 7 54�h': . 
2 0 . 19 6 �'d: 
4 . 9 3 9 
4 7 .  4 9 9 �h': 
8 . 7 8 8  
5 . 442 
6 . 5 20 
4 . 7 73 
5 . 17 7  
+ These terms were used for error terms to test variances above . 
�•d: Mean squares that were s_ignificant at the • 01  level . 
so 
Appendix II. Analysis of Variance Table for Phosphorus Concentration 
of Combined Field EA1)eriments. 
Source of Variation 
Total 
Location (L ) 
Reps within Location (R/L) 
Analysis ( A ) 
LA 
RAL+ 
Phosphorus Source 
LS 
RS/L+ 
AS 
LAS 
Residual+ 
Degrees of Freedom 
2 39 
4 
15 
2 
8 
30 
3 
-12 
45 
6 
24 
90 
Mean Squares 
. 00019 
. 00024�b': 
. 00049:.b': 
. 00011 
. 00076�b': 
• 00042:.•:�•: 
. 0000 8 
• 00021�•: 
. 00023�h': 
. 00011 
+ These terms were used for error terms to test variances above . 
* Mean squares that were significant at the . 05 level. 
:.H: Mean squares that were s_ignificant at the • 01 level. 
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Appendi.x III. 
Treatment 
No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Per Cent Protein Wheat Grain For Each Experimental Site. 
l. Savo 2 .  Ree 3 .  Keith 4 .  Boyd 
clay loam silt loam silt loam clay 
Meade Co. Pennington Co. Bennett Co. Tripp Co . 
Per Cent Protein 
10 . 8 9. 0 14 . 5 12 . 3 
10 , 5  8. 5 14. 2 11 . 4  
10. 1 8. 8 14. 6 11 . 5 
10 . 2  9. 0 14. 4 11 . 9  
10. 3 9. 1 14 . 7 11 . 1  
10 . 8  8. 7 14 . 4 11. 1 
10. 4 9. 0 15. 0 12 .1  
10 . 0  8 . 6  15 . 1  11. 7 
10 . 7 8 . 8 14 . 7  11 . 2 
10 . 4  9. 2 14. 6 12 . 4  
9. 8 8 . 9 15 , 1 11. 2 
10 . ti 9, 1 15. 1 11 . 6  
11 . 5  9. 1 14 . 8  12 . 0  
11 . 5 10 . 6  14. 4 12 . 4  
11 . 1  9. 8 14. 8 11. 3 
10 . 4  9. 1 13 , 8 10. 5 
5 .  Opal 
clay 
Lrman Co. 
12. 5 
12. 3 
12. 6 
11. 7 
12. 0 
12. 4 
12 . 5 
12. 4  
12 . 1  
12 . 5  
12 . 6  
12 . 5  
12 . 6 
12 . 6  
12. 6 
11 . 5  
u, 
I\) 
Appendix IV. 
Treatment 
No .  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Mean Test Weight of Wheat Grain For Each Experimental Site. ( Average of four 
replications. ) 
1 .  Savo 2. Ree 3. Keith 4. Boyd 5. Opal 
clay loam silt loam silt loam clay clay 
Meade Co. Pennington Co. Bennett Co. Tripp Co . Lyman Co . 
Pounds Per Bushel 
6 2  60 5 9  59 62  
6 2  61 60 59 6 2  
61 60 60 59 62  
6 2  60 59 59 6 2  
6 2  60 60 59 62 
62 60 60 59 6 2  
6 2  60 59 59 62  
62  60 ·59 59 62  
62  60 59 59 62 
62 60 60 59 6 2  
62 60. 60 59 6 2  
62  60 60 59 6 2  
62  60 60 59 6 2  
62 60 57 59 62  
61 60 58 5 9  6 2  
6 2  60 59 59 62 
(J1 
(;.) 
Appendix V. Analysis of . Variance Table for Laboratory Experiment • 
. Source of 
Variat ion 
Total 
Time ( I) 
Phosphorus Source ( S )  
IS 
pH ( A )  
IA 
SA 
ISA 
Levels ( P) 
IP 
SP 
ISP 
AP 
IAP 
SAP 
! SAP 
Test (T .) 
IT 
ST 
IST 
AT 
IAT 
SAT 
ISAT 
PT 
IPT 
SPT 
ISPT 
APT 
IAPT 
SAPT 
Residu�1+ 
Degrees of Freedom 
566 
6 
2 
12 
2 
12 
4 
24 
2 
12 
4 
24 
4 
24 
8 
48  
. 2 
12 
4 
24 
4 
24 
8 
48 
4 
24 
8 
48  
8 
48 
16 
96 
Mean Squares 
31 . 7391:* 
7216 . 024,H: 
33.  a23,':* 
16069 . 1 8 3)':* 
1 8 . 6 79* 
770 5 . 562Mc 
44 . 36 7* * 
50 778 . 288,'c* 
24 . 9 23,h'c 
2870 . 619 M: 
19 . 047* 
70 56 . 79 3-.Hc 
17 . 120 ,•: 
3 7 34 . 1401:,'e 
16 . 324* 
79 404 . 9 34 -.H: 
9 5 .  9 9 3,h': 
2110. 090,H: 
19. 01i,': 
42 5 5 .  4031:,•: 
37 . 242,h': 
2937. 5061:1: 
30 . 961*,': 
9355. 312M: 
20 . 9 74,H: 
1214 . 104 ,h': 
10. 858  n. s. 
2421 .  90 9,H: 
12. 110 n . s .  
1427 . 5 33,H: 
9 . 407 
+ Res idual was used for the error variance for all main 
factors and i nteractions . 
-.•: Mean squares that were s_ignificant at the . 05 level . 
-.h': Mean squares that were s_ignificant at the • 01 level. 
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